Histiocytic sarcoma is a malignant tumor derived from histiocytic cell lineages, such as macrophages and dendritic cells \[[@r3]\]. Because of its rapid cell proliferation, multidrug resistance and high metastatic potential, histiocytic sarcoma has a generally poor response to therapy \[[@r8]\]. Although lomoustine (CCNU) or doxorubicin is mainly used for the treatment \[[@r13], [@r17]\], dogs with histiocytic sarcoma usually exhibit poor treatment outcomes and median survival time from diagnosis is reported to be 43 days (range 2--360 days) \[[@r14]\]. Therefore, new drugs or target proteins are currently being investigated for the effective treatment of this disease.

Apoptosis inhibitor of macrophage (AIM), also called CD5L, was identified in macrophages of mice \[[@r10]\]. It is a member of the scavenger receptor cysteine-rich (SRCR) superfamily which is characterized by the repeats of a highly homologous cysteine-rich domain \[[@r2]\]. As its name suggests, AIM is initially found as an inhibitor of apoptosis of macrophage itself \[[@r10]\]. Moreover, it has been found that AIM facilitates survival of foamed macrophages in atherosclerosis \[[@r12]\]. While several other functions of AIM on other cells or tissues have been also elucidated, the effect of AIM in the histiocytic sarcoma remains unknown. Hence, in this study, we evaluated cell viability, apoptosis and cell cycle of histiocytic sarcoma cells affected by AIM.

Five canine histiocytic sarcoma cell lines (CHS-4, CHS-5, CHS-7, MHT-2 \[[@r1]\] and DH82 \[[@r18]\]), two canine mammary gland tumor cell lines (CHMp and CTBp \[[@r16]\]), two canine melanoma cell lines (CMM1 \[[@r11]\] and CMM 11) and a canine transitional cell carcinoma cell line (TCCUB) were used. DH82 originated from macrophage, while the other histiocytic sarcoma cell lines were unclassified, although they have phagocytic function \[[@r1]\]. CHS-4, CHS-5, CHS-7 and MHT-2 were given by Professor Makoto Bonkobara, the Nippon Veterinary and Life Science University (Tokyo, Japan). CTBp, CHMp, CMM1, CMM 11 and TCCUB were gifted from Professor Ryohei Nishimura, the University of Tokyo (Tokyo, Japan). All the cell lines were appropriately cultured according to the previous reports \[[@r1], [@r11], [@r16], [@r18]\].

Recombinant canine AIM (rcAIM) was synthesized by transfection of the expression vector into CHS-5 cells. The expression vector was constructed based on the HA-tagged pCAGGS plasmid ([Fig. 1A](#fig_001){ref-type="fig"}Fig. 1.Production of HA-tagged rcAIM. (A) HA-tagged rcAIM expression vector was cloned into the modified plasmid vector pCAGGS. It contains cytomegalovirus enhancer, chicken β-actin promoter, rabbit β-globin exons and intron, HA polypeptide, and mouse AIM leader sequence. (B) Recombinant protein was observed on the polyacrylamide gel stained CBB (left) and the membrane of Western blotting for HA (right).). The plasmid was kindly gifted from Professor Toru Miyazaki, the University of Tokyo. AIM cDNA was derived from a spleen of a healthy Beagle. Gene transfection was performed by the lipofection method using TransIT-LT1 transfection reagent (TaKaRa, Otsu, Japan). After gene transfection, HA-tagged AIM was collected from the cell lysate using Anti-HA Affinity Matrix (Roche, Basel, Switzerland). The flow-through elution solvent was replaced with PBS by 24 hr of dialysis at 4°C. The solution was condensed by ultrafiltration using Centriprep 30 kDa (Millipore, Bedford, MA, U.S.A.). Obtained protein was identified with rcAIM by its size and HA antigenicity using SDS-PAGE with Coomassie brilliant blue (CBB) staining and Western blotting ([Fig. 1B](#fig_001){ref-type="fig"}).

To observe the effect of AIM on cell viability in canine tumor cell lines, five histiocytic sarcoma and five other tumor cell lines as mentioned above were used. Each cell line was seeded in 96-well plates at a density of 1.0 × 10^4^ cells with 100 *µl* of media and incubated for 24 hr at 37°C under 5% CO~2~. Then, the media were changed to the non serum media containing various concentrations of rcAIM from 0 to 2.0 × 10^−7^ M. After 24 hr of treatment, cell numbers were counted using Cell counting kit-8 (DojinDo, Kumamoto, Japan). As shown in [Fig. 2](#fig_002){ref-type="fig"}Fig. 2.Dose-responsive decrease of cell number after rcAIM treatment in various cell lines. (A) Representative cell morphology images of DH82 (histiocytic sarcoma-derived cell line) and CTBp (mammary gland tumor-derived cell line) after 24 hr of the treatment with rcAIM. DH82 cell number was reduced by rcAIM treatment, while CTBp cell number was not. Scale bars are 50 *µ*m. (B) Dose-response curves of viabilities of canine tumor cell lines treated with rcAIM for 24 hr. 100% was determined as the cell numbers when treated without rcAIM (n=5, the mean± SE). The solid lines are histiocytic sarcoma cell lines (CHS-4, CHS-5, CHS-7, MHT-2 and DH82), and dotted lines are other tumor-originated cell lines (TCCUB: transitional cell carcinoma; CMM1 and CMM11: melanoma tumors; and CHMp and CTBp: mammary gland tumors). All the histiocytic sarcoma cell lines and two of the other cell lines showed dose-responsive cell number reduction., all five histiocytic sarcoma cell lines clearly decreased in number dose-dependently. Moreover, one mammary gland tumor cell line, CHMp, and one melanoma cell line, CMM11, were also decreased by rcAIM treatment. The other cell lines, CTBp, CMM1 and TCCUB, were not so changed in their cell numbers.

To identify the causes of cell number reduction, apoptosis analyses and cell cycle distribution were examined. For apoptosis analyses, DNA ladder detection, TUNEL staining and flow cytometry using annexin V (AnxaV) were performed. CHS-5 was seeded in 6-well plates at a density of 2.0 × 10^5^ cells/well. After 24 hr, the medium was changed to the non-serum medium containing rcAIM (2.0 × 10^−7^ M). As shown in [Fig. 3A](#fig_003){ref-type="fig"}Fig. 3.Apoptotic effect of rcAIM on canine tumor cell lines. (A) Analysis of DNA fragmentation using agarose gel electrophoresis. Laddering phenomenon of fragmented DNA was observed one hr after the rcAIM treatment. M: marker, P: positive control, V: vehicle treatment, A: rcAIM treatment (2.0 × 10^−7^ M). (B) Apoptosis detection by TUNEL staining of CHS-5 after the treatment with rcAIM. Representative confocal microscopic images of vehicle and rcAIM treatment and the percentage of TUNEL-positive cells. Green stains indicate TUNEL signals, and blue stains indicate DAPI signals. Cells with 30 min of treatment were supposed to be at the late apoptosis stage (arrows). Scale bars are 25 *µ*m. Asterisks mean statistical significances (*P*\<0.05; vs control, Student's *t* test). (C) AnxaV (+), EthD-III (+) cells apparently increased 30 min after AIM treatment, while only few cells showed in the vehicle control. After 120 min of AIM treatment, the most cells shifted to AnxaV (−), EthD-III (+) cells., the genome DNA extracted from AIM-treated cells showed the DNA ladder pattern. TUNEL staining was performed using DeadEnd Fluorometric TUNEL System (Promega, Madison, WI, U.S.A.) according to the manufacturer's protocol. The number of TUNEL positive cells was clearly increased 30 min after the treatment with rcAIM ([Fig. 3B](#fig_003){ref-type="fig"}). This experiment was repeated three times and was demonstrated the reproducibility. For the flow cytometry, cells were analyzed using Apoptotic/Necrotic cells detection kit (PromoKine, Heiderberg, Germany) and BD FACS Verse (BD Biosciences, San Jose, CA, U.S.A.). In this method, AnxaV-positive (AnxaV (+))/ethidium homodimer III-negative (EthD-III (−)) cells indicate the early apoptotic cells, double positive cells indicate the late apoptotic cells, and AnxaV (−)/EthD-III (+) cells indicate the necrosis/end of apoptotic cells. In the group treated with AIM for 30 min, the number of double positive cells was larger compared to the other conditions ([Fig. 3C](#fig_003){ref-type="fig"}). In the group treated with AIM for 120 min, the cell type of largest number of cells shifted to the AnxaV (−)/EthD-III (+) group. For cell cycle distribution analysis, flow cytometry was performed using CHS-5 cell line. After the treatment with rcAIM, cells were collected and stained with 50 *µ*g/m*l* of propidium iodide solution. As shown in [Fig. 4](#fig_004){ref-type="fig"}Fig. 4.Cell cycle arrest caused by rcAIM treatment. Cell cycle distribution of CHS-5 was analyzed after the treatment with rcAIM (2.0 × 10^−7^ M). Sub-G1 significantly increased, and G1/G0 phase sharpened. Columns indicate average percentages of cell numbers at each phase (n=3, the mean± SE). Asterisks mean statistical significances (*P*\<0.05; vs vehicle treatment, Student's *t* test)., the percentages of S and G2/M phases significantly decreased compared to the vehicle control.

As mentioned above, canine histiocytic sarcoma is an aggressive malignant neoplasm derived from histiocytic lineage cells, such as macrophages or dendritic cells \[[@r3], [@r8]\]. While there is no direct evidence about relationship between AIM and dendritic cells in the previous reports or our data, AIM is known as an apoptosis inhibitory factor derived at least from macrophages \[[@r10], [@r12]\]. Hence, we initially hypothesized that AIM could also inhibit apoptotic reaction in histiocytic sarcoma cell lines. Surprisingly, all the histiocytic sarcoma cell lines decreased in number in a dose dependent manner when rcAIM was added to the medium. In addition, the same effect was seen with several other tumor cells, while there were few effects in the other cell lines. Indeed, there is one report about the inhibitory effect of AIM on cell viability \[[@r9]\]. According to this report, AIM provokes necrotic cell death, the mechanism of which involves complement-dependent cytotoxicity \[[@r9]\]. In this study, however, there was no complement or cytokines in the medium when AIM was treated. Moreover, apoptotic reactions and cell cycle arrest were observed in CHS-5. CHS-5 is originating from primary synovium HS \[[@r1]\] which has good prognosis in comparison with other non-periarticular HS \[[@r7]\]. To assess the mechanisms of malignant HS or clinical application for HS, it is necessary to test using the other HS cell lines as well. Even though, our findings suggest that rcAIM treatment could induce apoptosis and cell cycle arrest at least in one kind of HS cell line. It is also suggested that AIM could reduce cell number in these tumor cell lines via some different pathway (s) from the reported system.

The mechanism of this phenomenon remains unknown. As one of the candidates, we initially speculated CD36 which is a cell surface protein which can bind to AIM \[[@r8]\]. Since CD36 is also expressed on macrophages in dogs \[[@r15]\], there is a possibility that AIM can bind to macrophages via this protein. However, although CD36 was expressed in most of the histiocytic sarcoma cell lines, it was not expressed in some cell lines we tested \[[@r15]\]. CD36 expression levels of CHMp and CMM11 were also lower than measurement limitation (RT-PCR, data not shown), although they showed AIM sensitivity. These findings indicate that AIM could reduce the cell number via some other pathways. Further research for elucidation of AIM-mediated apoptosis and growth inhibition mechanisms is necessary.

Our findings were apparently opposite to the effect of AIM which had been reported in previous papers. There might be two reasons for that. For one reason, we used different cell types in this study. While the primary cell cultures in humans or mice were mainly used in the previous report \[[@r7], [@r10]\], the established tumor cell lines derived from dogs were used in this study. For another reason, we used different dosage of AIM. In the previous reports, they examined under the condition of quite lower concentrations of AIM (around 2.0 × 10^−11^ M) \[[@r7], [@r10]\]. Indeed, the lowest concentration of AIM also tended to increase cell number in the several tumor cell lines in this study. However, it is difficult to discuss which concentration is physiologically meaningful. While AIM exists at a high concentration of 3--8 *µ*g/m*l* (0.6--1.6 × 10^−7^ M) in human \[[@r19]\], most AIM in plasma is reportedly complexed with IgM pentamer \[[@r6], [@r10]\]. In addition, AIM levels change depending on clinical conditions, such as atopic dermatitis, hepatitis C, liver cirrhosis and hepatocellular cancer \[[@r4], [@r5]\]. In this study, our findings just indicate that a high dose of free AIM could play a role as an anti-tumor drug to induce apoptosis and anti-proliferation of histiocytic sarcoma and several tumor cells of dogs. Since it is predicted that a high dose of AIM is needed for clinical application, it requires conventionally evaluation on normal cells in dog, including macrophage, other immune and blood cells, under condition of such dose of rcAIM in the future study.

In summary, this is the first report which demonstrates AIM as an apoptosis inducer and anti-proliferative factor in canine histiocytic sarcoma and several tumor cell lines. Further research on the mechanisms of apoptosis and growth inhibition caused by AIM in the multiple cell lines will provide a new anti-tumor approach.
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